Near-infrared, JHKL, photometry of η Car is reported covering the period 2000 to 2004. This includes the 2003 shell event which was the subject of an international multi-wavelength campaign. The fading that accompanied this event was similar to, although slightly deeper than, that which accompanied the previous one. The period between these events is 2023 ± 3 days and they are strictly periodic. Their cause, as well as that of the quasi-periodic variations and secular brightening are discussed. It seems possible that all three types of variability are consequences of the binary nature of the star.
INTRODUCTION
η Carinae is one of the most luminous stars in the Galaxy, and despite being one of the best studied objects in the sky 1 , it remains poorly understood. While most of its luminosity is emitted in the mid-infrared, there is flux from and variability at all wavelengths from hard X-rays to radio. η Car is in some senses the archetypal astronomical object -which can only be fully characterized through observations across the entire electromagnetic spectrum. Davidson & Humphreys (1997) provide an extensive review of η Car, though there have been many developments since its completion 2 . It seems likely that we will soon be observing the details of similar objects in distant galaxies, so an understanding of this object potentially bears on many other topics. Damineli (1996) discovered periodic variations in the equivalent width of HeI 1.083 µm, and in the visibility of high excitation lines, which correlated with JHK flux variations. He consequently suggested that η Car was in fact a binary system with an orbital period of about 5.5 years. Damineli predicted the next "shell phase" for 1997/98 and η Car was subjected to a period of intensified observations at all wavelengths (Morse et al. 1999) . Not only did the "shell phase" occur on schedule, but it was accompanied by a number of unexpected phenomena, the most dramatic of which was a ⋆ This paper is based on observations made at the South African Astronomical Observatory. † e-mail: paw@saao.ac.za very sharply defined X-ray minimum (Corcoran et al. 2001) . This was associated with, among other things, a very clear dip in the JHKL light curves (Whitelock & Laney 1999 ), which we refer to as the "eclipse-like event" or simply the "event" in the following. Subsequent detailed examination of historical spectra (Feast et al. 2001 ) and monitoring at various wavelengths (e.g. 3 cm flux - Duncan & White 2003) established that a number of phenomena varied on this same timescale of 5.5 years.
The 5.5-year periodicity is now well established and most observers are convinced that η Car is a binary system. Some doubts do remain on the binary issue because, to date, none of the orbital parameter determinations have been convincing and there seem to be more questions about the underlying source(s) than ever before. The most recent "shell phase" occurred during 2003 and was observed even more intensively than the previous one. This paper is our contribution to the understanding of that event and we report broad-band near-infrared JHKL photometry obtained over the last 5 years. It continues the series of papers which collectively cover 32 years of photometry of η Car (Whitelock et al. 1983 (Whitelock et al. & 1994 Feast et al. 2001 -henceforth Papers I, II and III) . We start with a detailed discussion in section 3 of the source of the near-infrared flux as it is somewhat different from that of the visible, mid-infrared or far-infrared radiation. It is crucial that we have some clarity on this before we go on to consider the variations in the JHKL light curves and their various time scales in section 4.
In discussing the 5.5-year periodic phenomena, of which the 2003 shell event is the latest example, we refer our timings to the X-ray minimum observed by Corcoran et al. (2001) and Corcoran (2004) . In particular we use Julian Day 2452819.7 (2003.49) as phase zero; this coincides with the start of the minimum (the faintest point) of the X-ray "eclipse". In doing this we make no particular comment on the correctness or otherwise of the Corcoran et al. model which has periastron at phase zero. The 2022 day period derived by Corcoran et al. is essentially identical to the 2023 days we derive from the JHKL light curves (section 4.2).
In Paper III we interpreted the dip in the infrared lightcurve, which repeats every 5.5 yrs, as an eclipse of a hot spot. We now believe that the balance of evidence does not favour what would normally be called an eclipse, as is discussed below in detail. Nevertheless, we continue to use terminology that is usually associated with eclipses (e.g. "fourth contact" in the caption to Fig. 5 ) simply because it provides a succinct description of what we observe. It is important that the reader is clear that the use of this terminology does not imply the existence of eclipses.
This may well be the last paper in this series as we anticipate the closure of the infrared photometer on the 0.75m telescope at Sutherland within the next year.
INFRARED PHOTOMETRY
Monitoring of η Car in JHKL at SAAO in the period 1972-2000 established a quasi-cyclical variation with a period of the order of 5 years superposed on a secular increase in brightness (see Papers II and III). Table 1 contains the results of a continuation of this series of observations for the period 2000-2004. As in all recent work in this series, the observations were made with the SAAO MkII photometer on the 0.75m reflector at SAAO, Sutherland, using a 36 arcsec diaphragm encompassing the entire bipolar nebula (the Homunculus nebula). The individual results are accurate to better than ±0.03 mag in JHK and ±0.05 mag in L. The magnitudes are in the system defined by the standard stars of Carter (1990) .
The magnitudes reported here, together with those reported in Papers I to III, are shown in Fig. 1 as a function of time. The last two cycles are shown on an expanded time scale in Fig. 2. Fig. 3 illustrates how the J − L colour of η Car changes as a function of time, while Fig. 4 shows a two-colour diagram with the various cycles identified by different symbols. There is a progression with time from the top right to the bottom left as the star gets bluer in all colours. The very first cycle has a lower J − K than might have been predicted from its K − L and the later colours. A brightening or 'flare' at J is seen during the second cycle, more specifically during the first few months of 1977. This could have been caused by a strengthening of the emission lines and the most likely culprit would be HeI 1.083 µm (see Whitelock (1985) for an indication of how this line affects the SAAO J magnitudes).
The near-infrared spectrum has been discussed by various authors (Paper I; Allen, Jones & Hyland 1985; McGregor, Hyland & Hillier 1988; Hamann et al. 1994; Smith 2002) . The nature of the near-infrared emission is examined in detail below. 
ORIGIN OF NEAR-INFRARED FLUX
Most of the flux from η Car, famously, emerges at mid-to far-infrared wavelengths and comes from dust in the Homunculus emitting over a range of temperatures (e.g. Smith et al. 2003 and references therein) . This thermal emission is presumed to be reprocessed short-wavelength radiation from the central star(s). At radio (cm) wavelengths we see optically thick free-free emission from the stellar wind and from gas ionized by the central source(s) (e.g. White et al. 1994) , while in the visual we see mostly scattered light from the Homunculus except at very high spatial resolution near the centre of the nebula, where the reddened stellar wind can be resolved (Morse et al. 1998) . The emission line contribution to visual magnitudes is important, but it seems to originate at some remove from the main continuum source, in the outer parts of the stellar wind. The near-infrared continuum has been attributed variously to scattered light, free-free emission, hot dust and/or the optically thick extended stellar atmosphere of the central source. The difficulty in settling this lies, at least partially, with the patchy, variable and uncertain level of the circumstellar extinction (see section 4.1).
While images of η Car are extended at all wavelengths they reach a minimum size, or a maximum central concentration, in the near-infrared at around 2 µm (Allen 1989) . This is an optical depth effect; at shorter wavelengths our line of sight does not penetrate far into the dust and at longer wavelengths emission from that dust dominates what we observe. Smith & Gehrz (2000) have conjectured, on the basis of morphological changes, that most of the near-infrared radiation does not come directly from the star itself, but from variably illuminated circumstellar ejecta. It is clear from their images that there is low level continuum emission scattered from the dust in the Homunculus in the same way as the optical light is scattered.
In a detailed analysis of 2 to 12 µm images Smith, Gehrz & Krautter (1998) estimate the 2 µm contribution scattered from the bipolar lobes as 13.4 percent. Walsh & Ageorges (2000) , on the basis of JHK polarization measurements and the similarity of the polarization morphology to that observed in visual bands, also argue that scattering dominates everywhere except in the central core. However, they find less polarization at JHK than they expect from an extrapolation of the polarization at shorter wavelengths and suggest that this might be due to dilution by non-polarized emission. They consider dilution of the scattered light by hot dust emission, but reject it because the effect would be much stronger at K than at J, contrary to what is observed. Dilution by free-free emission would not be strongly wavelength dependent and we suggest that emission of this kind is a significant contributor, as is discussed below.
A small component of the flux (< 10 percent of the total at K) must come from direct line emission (Smith & Gehrz 2000) , including a small contribution from the narrow emission lines in the Weigelt blobs (these are bright knots in the ejecta < 0 ′′ .3 from the central star (Smith 2002) ). Lines such as Brγ are strongly concentrated towards the core regions and presumably originate in the extended stellar wind and surrounding HII region, or just inside the dusty torus (e.g. Smith et al. 1998; Smith & Gehrz 2000) . Van Boekel et al. (2003) estimate that in early 2002 about 200 Jy, or almost half the 2.39 µm flux, came from a volume with a diameter of 5 mas or 11 AU (at a distance of 2.3 kpc). This would imply a minimum blackbody temperature of 2300K (assuming no extinction); the temperature would be higher if allowance were made for plausible extinction. They conclude that they have spatially resolved the ionized stellar wind. It is clear from their fig. 1 image (taken on 2 February 2002, van Boekel private communication) that the rest of the flux in their 1.4 arcsec diameter image, comes from the immediate circumstellar environment, including the Weigelt blobs, and from the polar wind extensions to the NW and SE.
It is interesting to compare the image from van Boekel et al. (2003) (which is actually clearer in the reproduction by Richichi & Paresce 2003) with those at similar wavelengths discussed by Smith et al. (1998) and Smith & Gehrz (2000) , noting that some time-dependent morphological changes must be expected. In the small area covered by the van Boekel et al. image one does not see the structure to the NE or SW and therefore has no sense of the equatorial "torus" which is prominent at longer wavelengths (Smith et al. 1998 ). It is not clear if this "torus" is a low resolution optical illusion or if it is real and variable (see also Smith et al. 2002) . However, the similarity of the structure seen in fig 4a of Smith et al. (1998) -a deconvolved 2.16 µm image to which Brγ must be a significant contributor -and the radio images from Duncan & White (2003) at certain phases, suggests that variable free-free emission is a real feature of the gas in this region (see below).
It is not clear whether we need to postulate the existence of any significant quantities of hot (T >> 400K) dust in η Car. If there is dust at T ∼ 1000K then it would have a much greater influence at L than at shorter wavelengths and the fact that the variability at L has rather different characteristics, both in terms of secular changes and quasiperiodic variations, may indicate a dominant contribution from dust at this wavelength. Rigaut & Gehring (1995) concluded that colours derived from high spatial resolution images at JHKL ′ M did indicate the presence of 1000K dust within 100 AU of the central star. Given the results of van Boekel et al. (2003) , the very patchy extinction and the distribution of line emission, it is not clear that the colours can be interpreted in this way. Smith et al. (2003) require a dust component at 550K in the core to explain a fraction of the 4.8 µm flux, and their analysis would not rule out a small contribution from even hotter dust. The Smith et al. (2003) dust, at 550K, would contribute about 25 percent of the flux we observe at L.
It seems reasonably certain that free-free emission is a major contributor to the JHK flux, but it is difficult to establish exactly what proportion of the emission arises in this way. There is limited evidence for similar morphological changes in the 3 cm (Duncan & White 2003 ) and nearinfrared images (Smith & Gehrz 2000) , in the sense that the radio images are clearly most point-like around phase zero, and near-infrared images may show a similar tendency (see section 4.3). The fact that there is rather little correlation between the near-infrared quasi-periodic luminosity variations and the 3 cm emission (Duncan & White 2003; White 2004 ) (K and 3 cm emission seem to have been anticorrelated between 1992 and 1998) must be attributed to optical depth effects, with the emitting regions being largely optically thick at 3 cm and partly optically thin at 2µm.
We can estimate from the 3 cm flux that there could plausibly be a very significant contribution at JHK, and possibly L, from free-free emission as follows: assuming the emission is partly optically thick, with a power law spectrum Sν ∝ ν α and a spectral index, α = +0.6 (for an unrealistic steady state, isothermal, radially symmetric wind (Wright & Barlow 1975) ); the free-free flux at K and L would vary between 230 and 1060 Jy, when the 3 cm flux went from 0.7 to 3.2 Jy (1992 to Duncan & White 2003 . The observed K flux ranges from 320 to 430 Jy and experiences an uncertain reddening, while that at L is about 1300 Jy. The predicted values will be greater if the power law is steeper, as it typically is for WR winds, or smaller if the emission has become optically thin at wavelengths longer than K. This serves only to illustrate that significant contributions from free-free are likely.
Using the information from van Boekel et al. (2003), Smith & Gehrz (2000) and Smith et al. (1998) we estimate that the flux at K measured through a large aperture (in late 1998) is made up very roughly as: 15 percent light scattered by cool dust, mostly in the Homunculus nebula, 5 percent from emission lines mostly close to the core, 30 percent in the equatorial "torus" (free-free), 30 percent in the unresolved core and 20 percent from the region within about 0.7 arcsec of the central core -some of this will be free-free emission from the polar outflow, but if there is hot dust present it will be within 0.7 arcsec of the central core and part of this component.
INFRARED VARIABILITY
The infrared light curves (Fig. 1) show variability on a variety of timescales that were discussed in Paper III. There is a secular brightening through all filters which is wavelength dependent, being most pronounced at J and barely discernible at L. There is the, now well established, "eclipselike event", with a period of 2023 days which is most evident in the L data -where it is deepest and not masked by other variations. Finally there are quasi-periodic variations which occur on roughly the same time scale as the events, but which do not seem to be strictly periodic. Despite the wealth of data none of these variations can be unambiguously explained. They are discussed below in more detail.
Secular Brightening
There is a very clear secular brightening of η Car in the JHKL wavebands over the monitoring period of 32 years. Unfortunately our inability to properly characterize and model the periodic and quasi-periodic variations (discussed below), which are evident in all wavebands, also makes it impossible to describe these secular changes in detail.
While the changes at K could be consistent with a systematic linear brightening, it seems likely that at J η Car has been brightening faster over the last 15 than over the previous 15 years, and there can be no doubt that the overall change in colour has been greater over the last two cycles than previously. However, for the purpose of the discussion we treat all trends as linear and Table 2 lists the parameters derived from a simple least squares fit to the magnitudes as a function of Julian Date. The last column lists the magnitude change over 30 years. A comparison with the numbers in table 2 of Paper II suggests that the rate of brightening has increased significantly, particularly at J and L, but it is important to remember that the exact positions of the end points affect this simple line fitting. Removing the early points, which fall off the general trend of colour seen in Fig. 4 , changes the values quoted in Table 2 by only a small amount. Davidson et al. (1999) discuss an apparently increased rate of brightening at near-infrared and visual wavelengths during 1998. This was seen most dramatically in the HST/STIS observation of the central star (area 0 ′′ .1×0 ′′ .15) where the flux at 4000Å increased by 0.83 mag in just over one year (see also section 4.3). Examining the infrared changes, in the context of Figs. 1 and 3 , and the variations that have taken place in recent years, it is clear that there have been phases of rapid change; 1998 was one and so was 1981. Of course we have no idea what HST/STIS observations might have shown in 1981, but the changes of 1998 may be a common occurrence.
Various possible causes of the secular brightening were discussed in Paper II. It remains possible, with many caveats, that a reduction of the extinction due to dust or an increase in flux from the central source or a combination of the two may be affecting the changes. The secular brightening is accompanied by a change in the colours, as is illustrated in Figs. 3 and 4 . It is evident from these two diagrams that the colour changes are more episodic than gradual and that the colours tend to change discontinuously at the epochs of the event. This suggests that whatever happens at around these epochs may also be driving the secular brightening and it would not be consistent with a gradual thinning of the dust as the major cause of brightening at JHK.
It is difficult to prove that the secular brightening is directly related to the periodic events, but the magnitude changes illustrated in Figs. 1 and 2 also support that interpretation. At L there is very little secular change and the quasi-periodic variations always peak just before the eclipselike event. At J, where the secular changes are at their largest the quasi-periodic variations very clearly peaked after the eclipse-like event in both 1998 and 2003/4. This difference is more marked at J than at H where the quasiperiodic variations had their largest amplitude at earlier epochs. Until we can disentangle the different sources of variability it will not possible to prove or disprove the link between the secular changes and the eclipse-like events.
It is clear, from the high spatial resolution HST observations that the extinction towards the central regions is very patchy (Davidson et al. 1995) . Furthermore, different components of the emission originate in spatially separate locations and may experience different extinctions. This applies to different spectral components at the same wavelength; the continuum, the broad lines and the narrow lines are produced in different places. Furthermore, maps at J, K and L show slightly different morphology, suggesting that we are seeing to different depths in the continuum at these different wavelengths (e.g. Rigaut & Gehring 1995) . The reddening law for the circumstellar extinction in η Car is thought to be peculiar (Paper II; Davidson et al. 1995 and references therein; Walsh & Ageorges 2000) , possibly because of an unusual size distribution of the dust grains. However, the patchy nature of the extinction combined with the spatial separation of the various emission components, actually make it very difficult to deduce the reddening law (Hillier & Allen 1992) . Thus, while the magnitude changes listed in Table 2 are not what we would expect from the reduction of normal reddening we cannot rule out that explanation entirely. Groh & Damineli (2004) noted secular changes in the emission lines over the last 11 years, in addition to the variations that take place over the 2023 day period. They record a general weakening of the high-and intermediate-excitation lines. The equivalent width of the HeI λ6678 emission has been gradually decreasing, while the absorption component of this P Cygni line has been getting deeper. These changes suggest that the optical depth of the emitting region(s) is gradually increasing and cannot be attributed to an expansion or thinning of the obscuring dust.
Although it is possible to envisage the colour changes, illustrated in Figs. 3 and 4 , as the consequence of grain destruction by increased ultraviolet flux at around phase zero, the grains would have to be close to the central star. They would therefore be radiating at a high temperature and their destruction should have noticeably reduced the L flux. In fact, the secular change in L has been very small, it has been brightening by less than 0.1 mag in 30 year -so this explanation must be rejected.
The Eclipse-Like "Event"
First we estimate the interval between events. The 2003 minimum at K was on JD 2452840.3. In the previous cycle the minimum was between 2450809.6 and 2450824.6, but nearer the latter so we take it to have been on 2450817. The event in the cycle before was not usefully observed, although minimum must have been a few days after 2448783 (contrast J and L in Fig. 2 given that the decline starts sooner at L) and for the cycle before that it was at 2446775.6 or a few days before. These timings are consistent with the event being a precisely cyclical event and our best estimate for the period is 2023±3 days. This is almost identical to the period determined from the X-ray events (Corcoran 2004) ran 2004). The two events naturally separate in magnitude at JHK because of the long-term trend. At L, where the long-term trend is negligible over 5 years, the differences in shape and amplitude are minor. It is of course very difficult to be certain whether changes at any wavelength are linked to the event or to some other, possibly unrelated, variations. During the event the hard X-ray emission drops to one percent of the flux before minimum (Hamaguchi et al. 2003; Corcoran 2004 ) and stays close to that level for about 70 days. The infrared event is preceded by a brightening at all wavelengths (but see section 4.3), as is the X-ray event. In marked contrast to the X-ray light curve, the infrared event involves flux decreases of only 10 to 24 percent and is flat bottomed only at L and only for about 20 days. While the oscillations in the X-ray flux make it difficult to pinpoint the time of ingress, it is clearly earlier than it is at infrared wavelengths. Within the near-infrared light curves ingress starts earliest at L and latest at J where it more or less coincides with the well-defined start of X-ray minimum; the delay between L and J is about 7 days. The K minimum occurs at X-ray phase 0.011. According to the data of Fernández Lajús et al. (2003) the fading at visual wavelengths, BV RI, started later still (JD 2452826 at V ), about 10 days after J. It should be borne in mind that the BV RI measurements are much more strongly influenced by scattered light from the Homunculus than are JHKL. The optical high-excitation emission lines disappear around phase zero (Groh & Damineli 2004) . Note that these originate in an extended region around the central star, not in the stellar wind itself .
The data in Table 3 allows us to compare the depths of the last two events. The second and third columns give the depth at minimum, expressed as a percentage of the flux just before the event. The next two columns are the flux ratio, 2003 divided by 1997/8, for the pre-event maximum (column 5) and the event minimum (column 6). The errors are about two percent on all the numbers. Taking these at face value we see that the event stayed the same or deepened slightly between 1997/98 and 2003. This means that whatever has brightened during that interval decreases in approximately the same proportion as or slightly more than before. Although it is clear that the event is about 10 percent deeper at L than at J, and of intermediate depth in the intervening wavebands, this may be a little deceptive. The time of peak brightness is wavelength dependent (possibly because of the secular trend) and J does not reach its peak until after the event, as in earlier cycles. Obviously the eclipse-like event would be deeper at J if we measured it with respect to this peak rather than to the maximum before the event.
The 1998 event showed a two step egress (Paper III, figs. 4 and 7), the shallow part of which extended in phase from about 0.01 to 0.09, ending at about the same time as the low excitation phase of the emission lines. The 2003 event also shows a two phase egress, but the shallow part is brief, extending only from phase 0.01 to 0.036. That is, it ends about the same time as the X-ray event comes out of its minimum. It was clear from the historical analysis of Paper III that the low excitation event does not cover the identical phase every time, but we have almost no information about infrared flux levels for earlier events. It will be interesting to see if the 2003 return of the high excitation spectrum correlates with the infrared light curve in the same way as it did in the previous event. Gull et al. (2003) describe changes in the ultraviolet as observed at high spatial and spectral resolution with HST/STIS during the critical phases. Visibility of the central source dropped, but not uniformly throughout the ultraviolet, so they suggest that the fading was caused by multiple line absorptions both in the source and in the intervening ejecta. High excitation lines diminished or disappeared while lines originating from lower levels strengthened. Observations with FUSE also show striking wavelength-dependent absorptions during the event (Iping et al. 2003) . Longward of 1100Å the overall flux dropped by 10 to 30 percent, but shortward of this wavelength there were intervals with no decrease in flux at all. Thus dust absorption must play a negligible role in producing the events. Martin et al. (2004) describe HST/STIS data relevant to the event which is particularly interesting as it isolates the behaviour of the central star. They find that Hα fades at phase 0.95, much earlier than even the X-rays and at about the same time as the pre-event brightening starts at JHKL, but brightens again at phase 1.04. The continuum at 6770Å brightens as Hα fades. The V continuum does not show any event-related change at all, in obvious contrast with ground-based V observations which encompass the whole Homunculus.
Quasi-periodic Variations
In Paper II we noted quasi-periodic variations in the JHKL data for η Car covering 20 years up to 1994; their characteristic time scale was about 5 years. Marking the 2023 day cycles in Fig. 1 guides the eye to see the changes at this period. It is particularly clear in the H light curve that peaks occur at around the time of events at five of the six marked intervals. A Fourier analysis of these data, after removing the long-term trend (assumed to be linear), indicates primary periods of 1961 days at L, 2091 days at K, 2074 days at H and 2044 days at J. Given that the variations are not sinusoidal, and that there are other changes on different time scales, these results are consistent with an underlying period of 2023 days. However, we would probably not deduce strict periodicity for these particular variations if it were not for the 2023 day periodicity of the eclipse-like events.
The peak-to-peak amplitude in magnitudes of the quasiperiodic variations is 0.2 to 0.3 at J, 0.35 to 0.45 at H, 0.2 to 0.3 at K and 0.1 to 0.2 at L; the maximum amplitudes are good to ±0.03 mag. It is at L that these variations are at their most repeatable (see Paper III), with the maximum always occurring just before the eclipse-like minimum. We might estimate that roughly one-third of the L flux originates from warm dust emission (see section 3). Subtracting this dust flux leaves a component with an amplitude of about 0.3 mag -comparable to values measured at J and K. Unfortunately a meaningful comparison of the spectral energy distribution of these quasi-periodic variations cannot be made without removing the contributions from other sources of emission -which cannot be quantified as yet.
At J, H and K the peak that occurs just before the event minimum seems to form part of these quasi-periodic variations. Sometimes this peak is very close to the broad maximum, as in 1981 and 1986/7, at other times it is very early on, as in 1997/8. The most recent variations may have increased in amplitude at J relative to H, but it is difficult to be certain because of the poorly characterized secular changes. Smith & Gehrz (2000) compare two high-spatialresolution K measurements of η Car made in May 1995 (JD 2449852 ± 15, phase 0.53) and on 6 September 1998 (JD 2451063, phase 0.13). They find that the flux within a central 1 ′′ aperture increases by a factor of 1.93 between 1995 and 1998 and its distribution becomes more point-like in 1998 when it is brightest. The data in our Table 1 suggests that the integrated K flux goes up by a factor of 1.27 over the same period (note that Smith & Gehrz find that the integrated flux changes by only 13 percent from their images; the difference between their measurement and ours is only in the value from the 1998 NICMOS measurement). Davidson et al. (1999) discuss the brightening at other wavelengths (see also section 4.1) and note that the central star brightened in the optical and near-ultraviolet. The brightening seems to have been nearly wavelength independent. van Genderen, de Groot & Sterken (2001) find luminosity peaks in the visual data following the same kind of pattern that we see in Fig. 1 , although with amplitudes of only one or two tenths of a magnitude. They suggest that these may be a consequence of a binary companion triggering "S Doradus events", i.e. mass loss, from the primary and the mass moving into a disk or torus. They also discuss problematic aspects of this interpretation.
The radio flux also shows variability, by more than a factor of three, on this same time scale (Duncan & White 2003) , although there does not seem to be much correlation between the intensities of the radio and near-infrared variations as was discussed in section 3. Duncan & White also interpret the changes as a consequence of the tidal transfer of material from the primary into a disk. The radio image is much more compact when the radio emission is faint -possibly it is only the extended component, with a diameter of 4 to 5 arcsec at maximum, that varies significantly and that it does so because of changing levels of ionizing radiation, as suggested by Duncan et al. (1995) . Damineli's (1996) discovery of the inverse correlation of the equivalent width of the HeI 1.083 µm line with the H-band flux led to a dramatic change in our thinking on η Car. Like many other aspects of the variability it is most easily understood as the consequence of changes in the optical depth of the emitting region(s).
It is vital that η Car be monitored at high spatial resolution in the near-infrared if further progress is to be made in interpreting the various changes and their relationship to the central star(s). (Corcoran 2004) and mark the phases of the start and end of X-ray minimum and fourth contact.
DISCUSSION
In view of the emphasis that put on the non-periodicity of the infrared flux variations (last paragraph of their section 4.2) it is important that we clarify this point. In section 4.2 we derived a period for the "eclipse-like events" of 2023±3 days; this is, as far as current information allows us to determine it, a "precise period". In contrast, the broad peaks seen in the JHKL light curves over the last 30 years (see section 4.3) are quasi-periodic.
The similarity of the timescale of the quasi-periodic variations and the period between events suggests that the underlying cause of these phenomena is the same and that they are both orbitally modulated variations. Furthermore, the secular variations are characterized by discontinuous colour changes which occur around phase zero in the 2023 day cycle, which suggests that they too may be driven by something associated with the orbital period.
The morphology of the X-ray light curve during the 1997/8 event was explained by Corcoran et al. (2001) in terms of a binary model with periastron passage at phase zero. The X-rays are produced by shock-waves in colliding stellar-winds and the specifics of the light curve can be reproduced if the mass-loss from η Car increases from 3×10 −4 M⊙yr −1 by a factor of about 20 for a period of about 80 days following periastron. During the event the X-rays are absorbed in the dense wind resulting from the enhanced mass loss. Zanella et al. (1984) first suggested that the lowexcitation spectroscopic phase and enhanced near-infrared emission might be caused by a shell ejection; although we note that they attributed the increased near-infrared flux to dust formation which is contrary to our results. When the 5.5 yr binary period started to look plausible various people conjectured that the close passage of the secondary in an elliptical orbit might trigger increased mass-loss at critical phases (e.g. Davidson 1999; Ishibashi et al. 1999) .
Other evidence, cited in section 4.2, points to enhanced ultraviolet line opacity during the event, resulting in decreased excitation of emission lines at many wavelengths. Surprisingly there is no evidence for changes in the temperature or luminosity of the visual continuum from the central source and it is possible that the optical depth is sufficiently high that what is observed at high spectral resolution is well away from where the action is taking place. We have insufficient information to be certain what is causing the event observed at JHKL, but we might conjecture that free-free emission, coming from a rather broad volume around the central source, will greatly decrease if its source of ultraviolet excitation is quenched when the secondary is enveloped in the material pulled from the primary or from the passage of the secondary through dense pre-existing circumstellar material.
In this picture the quasi-periodic changes would be explained in a similar way to the radio variations (Duncan & White 2003) if the secondary star is largely responsible for ionizing the HII region surrounding η Car. Orbital modulation of the source of ionizing radiation as it moves in and out of the denser parts of the circumstellar disk will drive the quasi-periodic variations. Much of the nebula must be optically thick at radio wavelengths but not in the near-infrared.
Thus the secular variations may also be the consequence of enhanced free-free emission as the newly ejected mass joins the material around η Car and emits at JHK wavelengths. It may well be possible to use the information from the multi-wavelength campaign to establish where the material is building-up. We might speculate that if conditions become suitable for dust formation in these ejecta then radiation pressure could cause the dust and gas to be expelled with great efficiency.
